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(57) ABSTRACT

An apparatus comprises an input to receive a voltage, a
threshold voltage circuit, a comparison circuit, and an output.
The threshold voltage circuit provides an adjustable first
threshold voltage at a first output and an adjustable second
threshold voltage at a second output. The comparison circuit
determines when the input voltage is greater than the first
voltage threshold, including when the first voltage threshold
is adjusted substantially up to a high supply voltage rail, and
determines when the input voltage is less than the second
voltage threshold, including when the second voltage thresh-
old is adjusted substantially down to a low supply voltage rail.
The output provides a first indication when the input voltage
is greater than the first voltage threshold and to provide a
second indication when the input voltage is less than the
second voltage threshold.
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RECEIVING A VOLTAGE AT AN 2
INPUT TO AN ELECTRONIC
CIRCUIT

GENERATING A FIRST CIRCUIT A0
INDICATION WHEN THE INPUT VOLTAGE IS
GREATER THAN AN ADJUSTABLE FIRST
VOLTAGE THRESHOLD, INCLUDING
GENERATING THE FIRST CIRCUIT
INDICATION WHEN THE FIRST VOLTAGE
THRESHOLD IS ADJUSTED
SUBSTANTIALLY UP TO A HIGH SUPPLY

VOLTAGE RAIL

GENERATING A SECOND CIRCUIT Al
INDICATION WHEN THE INPUT VOLTAGE IS
LESS THAN AN ADJUSTABLE SECOND
VOLTAGE THRESHOLD, INCLUDING
GENERATING THE SECOND CIRCUIT
INDICATION WHEN THE SECOND VOLTAGE
THRESHOLD IS ADJUSTED
SUBSTANTIALLY DOWN TO A LOW SUPPLY
VOLTAGE RAIL, WHEREIN THE SECOND
THRESHOLD VOLTAGE IS LESS THAN THE
FIRST THRESHOLD VOLTAGE
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1
RAIL TO RAIL COMPARATOR WITH WIDE
HYSTERESIS AND MEMORY

BACKGROUND

Electronic circuits and systems often include a comparison
circuit. An example of a comparison circuit is comparator. A
comparator is used to compare two voltages at inputs to the
circuit. The output of a comparator changes state based on the
comparison; typically to indicate which voltage is larger.
Comparators are useful to detect an event using an electronic
circuit. The performance of a comparator can be limited by
the operating parameters of devices that make up the com-
parator. For example, transistors internal to a comparator can
prevent the comparator from operating from the low voltage
supply to the high voltage supply (e.g., rail-to-rail) due to
operating limitations of the transistors.

OVERVIEW

This document relates generally to electronic circuits, and
in particular, to a comparator circuit that is operable rail-to-
rail.

An apparatus example includes an input to receive a volt-
age, a threshold voltage circuit, a comparison circuit, and an
output. The threshold voltage circuit provides an adjustable
first threshold voltage at a first output and an adjustable sec-
ond threshold voltage at a second output. The comparison
circuit determines when the input voltage is greater than the
first voltage threshold, including when the first voltage
threshold is adjusted substantially up to a high supply voltage
rail, and determines when the input voltage is less than the
second voltage threshold, including when the second voltage
threshold is adjusted substantially down to a low supply volt-
age rail. The output provides a first indication when the input
voltage is greater than the first voltage threshold and to pro-
vide a second indication when the input voltage is less than
the second voltage threshold.

This section is intended to provide an overview of subject
matter of the present patent application. It is not intended to
provide an exclusive or exhaustive explanation of the inven-
tion. The detailed description is included to provide further
information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components in different
views. Like numerals having different letter suffixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.

FIG. 1 shows a block diagram of portions of an example of
an electronic circuit that includes a comparison circuit that
operates from rail-to-rail.

FIG. 2 shows an example of a method of operating an
electronic circuit capable of comparing voltages from rail-to-
rail.

FIG. 3 shows another example of a comparison circuit that
operates from rail-to-rail.

FIG. 4 shows an example of simulation of the circuit in
FIG. 1.

FIG. 5 shows another example of simulation of the circuit
of FIG. 1.

FIG. 6 shows a circuit schematic of an example of a logic
circuit and a comparison circuit.
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FIGS. 7A-7C show an example of simulation of the com-
parison circuit and the logic circuit of FIG. 6.

FIG. 8 shows an example of an electronic device that
includes a comparison circuit with rail-to-rail operation.

DETAILED DESCRIPTION

A comparison circuit can be used to compare a received or
generated electrical signal to a specified threshold voltage
value. The output of the comparison circuit indicates the
result of the comparison. Some comparison circuits, such as
comparators, are not able to operate rail-to-rail. If the com-
parator is N-type (e.g., the input differential pair of the com-
parator includes N-Type Metal Oxide Semiconductor
(NMOS) devices), the comparator may not operate to volt-
ages close to the low voltage supply rail. Similarly, if the
comparator is P-type, the comparator may not operate to
voltages close to the high voltage supply rail.

FIG. 1 shows a block diagram of portions of an example of
an electronic circuit 100 that includes a comparison circuit
105 that operates from rail-to-rail. The comparison circuit
105 includes a first comparator 110 and a second comparator
115. The first comparator 110 is an N-type comparator that
operates to detect a range of input voltages that extends from
a voltage somewhat less than the midpoint between the high
and low voltage rails to the voltage of the high voltage supply
rail. The second comparator 115 is a P-type comparator that
operates to detect a range of input voltages that extends from
a voltage somewhat greater than the midpoint between the
high and low voltage rails to the voltage of the low voltage
supply rail. The combination results in a comparison circuit
that operates rail-to-rail.

FIG. 2 shows an example of a method 200 of operating an
electronic circuit capable of comparing voltages from rail-to-
rail. At block 205, a voltage is received at an input to an
electronic circuit.

Atblock 210, a first circuit indication is generated when the
input voltage is greater than an adjustable first voltage thresh-
old. In some examples, the first voltage threshold is program-
mable. A circuit indication can be a change in state of an
output of a comparison circuit. The first circuit indication can
be generated when the first voltage threshold is adjusted
substantially up to a high supply voltage rail of the electronic
circuit.

Atblock 215, a second circuit indication is generated when
the input voltage is less than an adjustable second voltage
threshold. The second circuit indication can be generated
when the second voltage threshold is adjusted substantially
down to a low supply voltage rail.

If the second threshold voltage is less than the first thresh-
old voltage, then the electronic circuit can provide hysteresis
in the circuit indications. For instance, when the input voltage
first exceeds the first voltage threshold, this causes the first
indication to be present at an output of the electronic circuit.
The first indication can remain at the output when the input
voltage decreases back to the first threshold voltage. The first
indication can remain at the circuit output until the input
voltage decreases to a voltage less than the second threshold
voltage, at which point the second indication can be generated
at the circuit output.

Returning to FIG. 1, the electronic circuit 100 includes an
input (In) to receive a voltage and includes a threshold voltage
circuit 120. The threshold voltage circuit 120 is configured to
provide an adjustable first threshold voltage at a first output
(VREF_H) and an adjustable second threshold voltage at a
second output (VREF_L).
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In some examples, the threshold voltage circuit 120
includes a voltage divider circuit. The voltage divider circuit
divides a reference voltage to generate the first and second
threshold voltages. In certain examples, a bandgap voltage
reference circuit is used to provide a reference voltage that is
relatively immune to variation with process and temperature
variation. In some examples, the threshold voltage circuit 120
is configured to provide one or more programmable threshold
voltages. In some examples, the second threshold voltage is
less than the first threshold voltage to provide hysteresis in its
voltage detection.

The comparison circuit 105 is communicatively coupled to
the input and the threshold voltage circuit. The communica-
tive coupling allows electrical signals from the input and the
threshold voltage circuit 120 to be received by the compari-
son circuit 105 even though there may be intervening cir-
cuitry between them.

The comparison circuit 105 is configured to determine
when the input voltage is greater than the first voltage thresh-
old, including the case where the first voltage threshold is
adjusted up to, or substantially up to, the high supply voltage
rail. The comparison circuit 105 is also configured to deter-
mine when the input voltage is less than the second voltage
threshold, including the case where the second voltage
threshold is adjusted down to, or substantially down to, a low
supply voltage rail.

An output (Out) of the circuit 100 provides a first indication
when the input voltage is greater than the first voltage thresh-
old and provides a second indication when the input voltage is
less than the second voltage threshold. In some examples, the
first and second indications include a change of binary logic
state. In certain examples, a logic state of the output changes
from a low state to a high state as the first indication when the
input voltage is greater than the first voltage threshold, and the
output changes from a high state to a low state as the second
indication when the input voltage is less than the second
voltage threshold.

FIG. 3 shows another example of a comparison circuit 305
that operates from rail-to-rail. The comparison circuit 305
includes a first comparator 310 and a second comparator 315.

The first comparator 310 can be N-Type and can include a
differential amplifier having a matched NMOS differential
transistor pair 330, and the second comparator 315 can be
P-Type and can include a differential amplifier having a
matched PMOS differential transistor pair. The first and sec-
ond comparators may have a fold cascode circuit topology.

The first comparator 310 includes a first comparator input
340 and a second comparator input 345, and the second
comparator 315 also includes a first comparator input 350 and
a second comparator input 355. The fold cascode topology
allows the comparators to function with comparator inputs
that reach the voltage supply rails.

The first inputs (340, 350) can be communicatively
coupled to the input (In) in FIG. 1. The second inputs (345,
355) can be communicatively coupled to the outputs
(vVREF_H, vREF_L) of the threshold voltage circuit 120 of
FIG. 1. Thus, the output of the first comparator will toggle low
to high when the voltage at “In” increases above the first
specified threshold voltage, and the second comparator will
toggle high to low when the voltage at “In” decreases below
the second specified threshold voltage.

The circuit of FIG. 1 also includes a logic circuit 125
communicatively coupled to the comparison circuit 105 and
the output (Out). The logic circuit 125 is configured to pro-
vide a first logic state at the output as the first indication
described previously, and to provide a second logic state as
the second indication. The logic circuit 125 logically com-
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bines the outputs of the individual comparators with the result
that the output behaves as one comparator with hysteresis
even though each individual comparator does not provide
hysteresis in its switching.

As long as each individual comparator’s threshold voltage
is set within its operating range (e.g., the low voltage supply
rail plus 900 millivolts (mV) for the N-Type comparator, and
the high supply rail minus 900 mV for the P-Type compara-
tor), then the circuit of FIG. 1 as a whole is guaranteed
functionality from rail to rail.

The comparison circuit 305 could be implemented with
both of the comparators being of the same type (e.g., both
having a matched N-Type differential pair, or both having a
matched P-type differential pair) if desired. In this condition,
the comparator will not operate from rail to rail, but if rail-
to-rail is not needed, it may be easier for layout purposes to
use comparators of the same type for each threshold voltage.

FIG. 4 shows an example of simulation of the circuit in
FIG. 1. The low supply rail is zero volts (0.0V) and the high
supply rail is 3.3V. The first threshold voltage is set to 2.3V.
Voltage at the input 405 is ramped up from 0.0V to 3.3V, and
then ramped down from 3.3V to 0.0V. When the input reaches
the first threshold of 2.3V, the output 410 changes to a high
logic state to indicate that the input is greater than the first
threshold voltage. When the input decreases to 1.0V, the
output changes to a low logic state to indicate that the input is
less than the second threshold voltage.

FIG. 5 shows another example of simulation of the circuit
of FIG. 1. In this example, the first threshold voltage is set to
3.3V minus 1 mV, and the second threshold voltage is set to 1
mV. The simulation shows that the circuit of FIG. 1 can
operate rail-to-rail.

Returning to FIG. 1, the logic circuit 125 is further config-
ured to maintain a logic state of the output when a disable
input of the comparison circuit 105 is activated. In this way,
the circuit 100 provides memory for the state of the output
even though the comparison circuit 105 is disabled. In some
examples, as in the comparators of FIG. 3, the comparison
circuit 305 is disabled by turning oft the current sink 360 and
current source 365 of the comparators.

FIG. 6 shows a circuit schematic of an example of a logic
circuit 625 and comparison circuit 605. The comparison cir-
cuit 605 includes an N-Type comparator 610 and a P-Type
comparator 615. The logic circuit 625 includes a latch circuit
configured to store the logic state of the output when the
disable input of the comparison circuit is activated.

The comparison circuit 605 includes a first comparator 610
and a second comparator 615. Each comparator has an output
coupled to the logic circuit 625. The output of the first com-
parator 610 is disabled to a first binary logic state and the
output of the second comparator 615 is disabled to a second
binary logic state when the disable input of the comparison
circuit is activated. In some examples, the N-Type comparator
610 disables to a low state at its output, and the P-Type
comparator 615 disables to a high state at its output. The logic
state of the output of the logic circuit 625 can be stored when
the first and second comparators are disabled. In some
examples, the logic circuit 625 includes a power on reset input
(POR), and the output of the logic circuit 625 is set to a
specified logic state when the power on reset input is acti-
vated.

FIGS. 7A-7C show an example of simulation of the com-
parison circuit 605 and the logic circuit 625. The waveform
715 in FIG. 7B is an enable signal. The circuits are disabled
when the enable is low (e.g., 0.0V). The waveforms in FIG.
7A show that the input voltage 705 is ramped up from 0.0V to
3.3V, and then ramped down from 3.3V to 0.0V. The first
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threshold voltage value is 2.1V and the second threshold
voltage value is 1.2V. The simulation shows that the circuit
output changes state from low to high when the input voltage
is greater than the first threshold voltage value.

The simulation also shows that the enable is deactivated
after the circuit output changes state from low to high. The
input voltage 705 is then ramped down. The circuit output
does not change state even though the input is less than the
second voltage threshold. Thus, the logic state of the output at
the time of disable is stored. The waveform 720 in FIG. 7C
represents the current consumption of the circuit. The wave-
form 720 shows that the output state is stored and remains
high even though current consumption of the circuit drops to
Zero.

FIG. 8 shows an example of an electronic device 800 that
includes a comparison circuit with rail-to-rail operation. The
device includes a comparison circuit 805, a threshold voltage
circuit 820, and a capacitor 870. The threshold voltage circuit
820 provides first and second adjustable threshold voltages.
The comparison circuit 805 monitors the voltage of the
capacitor 870.

The comparison circuit 805 is configured to determine
when a voltage of the capacitor is greater than the first voltage
threshold, including the case where first voltage threshold is
adjusted substantially up to a high supply voltage rail. The
comparison circuit 805 is also configured to determine when
the capacitor voltage is less than the second voltage threshold,
including the case where the second voltage threshold is
adjusted substantially down to a low supply voltage rail.

In some examples, the device 800 includes a logic circuit
825 is communicatively coupled to the comparison circuit
and a device output. The logic circuit 825 provides, as the first
indication, a first logic state at the output when the capacitor
voltage is greater than the first voltage threshold, and pro-
vides, as the second indication, a second logic state at the
output when the capacitor voltage is less than the second
voltage threshold.

In some examples, the device 800 includes a capacitor
charging circuit 875 communicatively coupled to the logic
circuit 825. The first and second indications can be used to
control charging of the capacitor 870. The capacitor charging
circuit 875 may initiate charging of the capacitor 870 when
the output transitions to the second logic state and disable
charging of the capacitor 870 when the output transitions to
the first logic state.

Insome examples, the device 800 includes a battery instead
of, or in addition to, the capacitor 870. The comparison circuit
805 can be used to monitor charging of the battery, and the
logic circuit 825 can be used to control a battery charging
circuit.

A rail-to-rail comparison circuit allows for symmetrical
monitoring of the voltage on the device to be charged, even
when the threshold for charging the device and the threshold
for disabling charging of the device are substantially near the
voltage supply rails.

ADDITIONAL NOTES

Example 1 includes subject matter (such as an apparatus)
comprising an input to receive a voltage, a threshold voltage
circuit configured to provide an adjustable first threshold
voltage at a first output of the threshold voltage circuit and an
adjustable second threshold voltage less than the first thresh-
old voltage at a second circuit output of the threshold voltage
circuit, a comparison circuit communicatively coupled to the
input and the threshold voltage circuit, and an output. The
comparison circuit is configured to determine when the input
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voltage is greater than the first voltage threshold, including
when the first voltage threshold is adjusted substantially up to
a high supply voltage rail, and determine when the input
voltage is less than the second voltage threshold, including
when the second voltage threshold is adjusted substantially
down to a low supply voltage rail. The output is configured to
provide a first indication when the input voltage is greater
than the first voltage threshold and to provide a second indi-
cation when the input voltage is less than the second voltage
threshold.

In Example 2, the subject matter of claim 1 can optionally
include a comparison circuit that can include a first compara-
tor having a differential amplifier having an N-type Metal
Oxide Semiconductor (NMOS) differential transistor pair, a
first comparator input coupled to the apparatus input, and a
second comparator input coupled to the first output of thresh-
old voltage circuit. The comparison circuit can also include a
second comparator having a differential amplifier having a
P-type Metal Oxide Semiconductor (PMOS) differential
transistor pair, a first comparator input coupled to the appa-
ratus input, and a second comparator input coupled to the
second output of threshold voltage circuit.

In Example 3, the subject matter of one or any combination
of Examples 1 and 2 can optionally include first and second
comparators having a fold cascode circuit topology.

In Example 4, the subject matter of one or any combination
of Examples 1-3 can optionally include a logic circuit com-
municatively coupled to the comparison circuit and the out-
put. The logic circuit can be configured to provide, as the first
indication, a first logic state at the output when the input
voltage is greater than the first voltage threshold, provide, as
the second indication, a second logic state at the output when
the input voltage is less than the second voltage threshold, and
maintain a logic state of the output when a disable input of the
comparison circuit is activated.

In Example 5, the subject matter of one or any combination
of Examples 1-4 can optionally include a logic circuit having
a latch circuit that can store the logic state of the output when
the disable input of the comparison circuit is activated.

In Example 6, the subject matter of one or any combination
of Examples 1-5 can optionally include a comparison circuit
having a first comparator and a second comparator where
each comparator has an output coupled to a logic circuit. The
output of the first comparator can be disabled to a first binary
logic state and the output of the second comparator can be
disabled to a second binary logic state when the disable input
of the comparison circuit is activated. The logic state of the
output of the logic circuit can be stored when the first and
second comparators are disabled.

In Example 7, the subject matter of one or any combination
of Examples 1-6 can optionally include a logic circuit having
apower on reset input, and the output of the logic circuit is set
to a specified logic state when the power on reset input is
activated.

Example 8 can include subject matter (such as an appara-
tus), or can optionally be combined with the subject matter of
one or any combination of Examples 1-7 to include subject
matter, comprising a capacitor, a threshold voltage circuit
configured to provide an adjustable first threshold voltage at
a first circuit output and an adjustable second threshold volt-
age less than the first threshold voltage at a second circuit
output, a comparison circuit communicatively coupled to the
capacitor and the threshold voltage circuit and an output. The
comparison circuit is configured to determine when a voltage
of the capacitor is greater than the first voltage threshold,
including when the first voltage threshold is adjusted substan-
tially up to a high supply voltage rail, and determine when the
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capacitor voltage is less than the second voltage threshold,
including when the second voltage threshold is adjusted sub-
stantially down to a low supply voltage rail. The output is
configured to provide a first indication when the capacitor
voltage is greater than the first voltage threshold and to pro-
vide a second indication when the capacitor voltage is less
than the second voltage threshold.

In Example 9, the subject matter of Example 8 can option-
ally include a logic circuit communicatively coupled to the
comparison circuit and the output. The logic circuit can be
configured to provide, as the first indication, a first logic state
at the output when the capacitor voltage is greater than the
first voltage threshold, and provide, as the second indication,
a second logic state at the output when the capacitor voltage
is less than the second voltage threshold.

In Example 10, the subject matter of one or any combina-
tion of Examples 8 and 9 can optionally include a capacitor
charging circuit communicatively coupled to the logic circuit.
The capacitor charging circuit can be configured to initiate
charging of the capacitor when the output transitions to the
second logic state and disable charging of the capacitor when
the output transitions to the first logic state.

In Example 11, the subject matter of one or any combina-
tion of Examples 8-10 can optionally include a logic circuit
having a latch circuit to store a logic state of the output when
a disable input of the comparison circuit is activated.

In Example 12, the subject matter of one or any combina-
tion of Examples 8-11 can optionally include a logic circuit
having a power on reset input. The output of the latch circuit
can be set to a specified logic state when the power on reset
input is activated.

In Example 13, the subject matter of one or any combina-
tion of Examples 8-12 can optionally include a comparison
circuit having a first comparator and a second comparator,
and each comparator has an output coupled to the logic cir-
cuit. The output of the first comparator can be disabled to a
first binary logic state and the output of the second compara-
tor can be disabled to a second binary logic state different
from the first binary logic state when the disable input of the
comparison circuit is activated. A latch circuit can store the
logic state of the output of the logic circuit when the first and
second comparators are disabled.

In Example 14, the subject matter of one or any combina-
tion of Examples 8-13 can optionally include a comparison
circuit having a first comparator and a second comparator.
The first comparator can include a differential amplifier hav-
ing an N-type Metal Oxide Semiconductor (NMOS) difter-
ential transistor pair, a first comparator input coupled to the
apparatus input, and a second comparator input coupled to the
first output of threshold voltage circuit. The second compara-
tor can include a differential amplifier having a P-type Metal
Oxide Semiconductor (PMOS) differential transistor pair, a
first comparator input coupled to the apparatus input, and a
second comparator input coupled to the second output of
threshold voltage circuit.

Example 15 can include subject matter (such as a method,
a means for performing acts, or a machine-readable medium
including instructions that, when performed by the machine,
cause the machine to perform acts), or can optionally be
combined with the subject matter of one or any combination
of Examples 1-14 to include subject matter, comprising
receiving a voltage at an input to an electronic circuit, gener-
ating a first circuit indication when the input voltage is greater
than an adjustable first voltage threshold, including generat-
ing the first circuit indication when the first voltage threshold
is adjusted substantially up to a high supply voltage rail, and
generating a second circuit indication when the input voltage
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is less than an adjustable second voltage threshold, including
generating the second circuit indication when the second
voltage threshold is adjusted substantially down to a low
supply voltage rail, wherein the second threshold voltage is
less than the first threshold voltage.

In Example 16, the subject matter of Example 15 can
optionally include generating the first indication by changing
an output of the circuit to a first logic state and generating the
second indication includes changing the circuit output to a
second logic state, respectively, and maintaining the state of
the output when the circuit is disabled.

In Example 17, the subject matter of one or any combina-
tion of Examples 15 and 16 can optionally include dividing a
reference voltage to generate the first and second threshold
voltages.

In Example 18, the subject matter of one or any combina-
tion of Examples 15-17 can optionally include generating the
first circuit indication when a comparator having an NMOS
differential pair detects that the input voltage is greater than
the first voltage threshold, and generating the second circuit
indication when a comparator having a PMOS differential
pair detects that the input voltage is greater than the second
voltage threshold.

In Example 19, the subject matter of one or any combina-
tion of Examples 15-19 can optionally include receiving a
voltage from a capacitor at the input, initiating charging of the
capacitor when the second indication is generated, and dis-
abling charging of the capacitor when the first indication is
generated.

In Example 20, the subject matter of Example 15 can
optionally include means for receiving a voltage at an input to
an electronic circuit, illustrative examples of which can
include an input and/or output connection to an integrated
circuit (IC). The subject matter can also include means for
generating a first circuit indication when the input voltage
exceeds a first voltage threshold and the first voltage thresh-
old can adjustable up to substantially a high supply voltage
rail, illustrative examples of such means can include a com-
parison circuit and a comparator. The subject matter can
further include means for generating a second circuit indica-
tion when the input voltage is less than a second voltage
threshold, the second voltage threshold being adjustable
down to substantially a low supply voltage rail, and the sec-
ond threshold voltage is less than the first threshold voltage.
Tlustrative examples of such means can include a comparison
circuit and a comparator.

Example 21 can include, or can optionally be combined
with any portion or combination of any portions of any one or
more of Examples 1-20 to include, subject matter that can
include means for performing any one or more of the func-
tions of Examples 1-20, or a machine-readable medium
including instructions that, when performed by a machine,
cause the machine to perform any one or more of the func-
tions of Examples 1-20.

These non-limiting examples can be combined in any per-
mutation or combination.

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of illustration, spe-
cific embodiments in which the invention can be practiced.
These embodiments are also referred to herein as “examples.”
All publications, patents, and patent documents referred to in
this document are incorporated by reference herein in their
entirety, as though individually incorporated by reference. In
the event of inconsistent usages between this document and
those documents so incorporated by reference, the usage in
the incorporated reference(s) should be considered supple-
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mentary to that of this document; for irreconcilable inconsis-
tencies, the usage in this document controls.

In this document, the terms “a” or “an” are used, as is
common in patent documents, to include one or more than
one, independent of any other instances or usages of “at least
one” or “one or more.” In this document, the term “or” is used
to refer to a nonexclusive or, such that “A or B” includes “A
but not B,” “B but not A,” and “A and B,” unless otherwise
indicated. In the appended claims, the terms “including” and
“in which” are used as the plain-English equivalents of the
respective terms “comprising” and “wherein.” Also, in the
following claims, the terms “including” and “comprising” are
open-ended, that is, a system, device, article, or process that
includes elements in addition to those listed after such a term
in a claim are still deemed to fall within the scope of that
claim. Moreover, in the following claims, the terms “first,”
“second,” and “third,” etc. are used merely as labels, and are
not intended to impose numerical requirements on their
objects.

Method examples described herein can be machine or
computer-implemented at least in part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
electronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code, a
higher-level language code, or the like. Such code can include
computer readable instructions for performing various meth-
ods. The code can form portions of computer program prod-
ucts. Further, the code can be tangibly stored on one or more
volatile or non-volatile computer-readable media during
execution or at other times. These computer-readable media
can include, but are not limited to, hard disks, removable
magnetic disks, removable optical disks (e.g., compact disks
and digital video disks), magnetic cassettes, memory cards or
sticks, random access memories (RAM’s), read only memo-
ries (ROM’s), and the like.

The above description is intended to be illustrative, and not
restrictive. For example, the above-described examples (or
one or more aspects thereof) may be used in combination with
each other. Other embodiments can be used, such as by one of
ordinary skill in the art upon reviewing the above description.
The Abstract is provided to comply with 37 C.F.R. §1.72(b),
to allow the reader to quickly ascertain the nature of the
technical disclosure. It is submitted with the understanding
that it will not be used to interpret or limit the scope or
meaning of the claims. Also, in the above Detailed Descrip-
tion, various features may be grouped together to streamline
the disclosure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all fea-
tures of a particular disclosed embodiment. Thus, the follow-
ing claims are hereby incorporated into the Detailed Descrip-
tion, with each claim standing on its own as a separate
embodiment. The scope of the invention should be deter-
mined with reference to the appended claims, along with the
full scope of equivalents to which such claims are entitled.

What is claimed is:

1. An apparatus comprising:

an input to receive a voltage;

a threshold voltage circuit configured to provide an adjust-
able first threshold voltage at a first output of the thresh-
old voltage circuit and an adjustable second threshold
voltage at a second output of the threshold voltage cir-
cuit, wherein the second threshold voltage is less than
the first threshold voltage;
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a comparison circuit communicatively coupled to the input
and the threshold voltage circuit, the comparison circuit
including a first comparator and a second comparator
configured to:
determine when the input voltage is greater than the first

voltage threshold, including when the first voltage
threshold is adjusted to a high supply voltage rail; and
determine when the input voltage is less than the second
voltage threshold, including when the second voltage
threshold is adjusted to a low supply voltage rail;

an output of the first comparator and an output of the
second comparator configured to provide a first indica-
tion when the input voltage is greater than the first volt-
age threshold and to provide a second indication when
the input voltage is less than the second voltage thresh-
old, wherein the output of the first comparator is dis-
abled to a first binary logic state and the output of the
second comparator is disabled to a second binary logic
state when a disable input of the comparison circuit is
activated; and

a logic circuit communicatively coupled to the output of
the first comparator and the output of the second com-
parator, wherein the logic circuit is configured to main-
tain a logic state of the output of the first comparator and
the output of the second comparator when the disable
input of the comparison circuit is activated.

2. The apparatus of claim 1, wherein the first comparator

includes:

a differential amplifier having an N-type Metal Oxide
Semiconductor (NMOS) differential transistor pair;

a first comparator input coupled to the apparatus input; and

a second comparator input coupled to the first output of
threshold voltage circuit; and wherein the second com-
parator includes:

a differential amplifier having a P-type Metal Oxide Semi-
conductor (PMOS) differential transistor pair;

a first comparator input coupled to the apparatus input; and

a second comparator input coupled to the second output of
threshold voltage circuit.

3. The apparatus of claim 2, wherein the first and second

comparators have a fold cascode circuit topology.

4. The apparatus of claim 1, wherein the logic circuit is
configured to:

provide, as the first indication, a first logic state at the
output when the input voltage is greater than the first
voltage threshold; and

provide, as the second indication, a second logic state at the
output when the input voltage is less than the second
voltage threshold.

5. The apparatus of claim 4, wherein the logic circuit
includes a latch circuit configured to store the logic state of
the output when the disable input of the comparison circuit is
activated.

6. The apparatus of claim 4, wherein the logic circuit
includes a power on reset input, and wherein the output of the
logic circuit is set to a specified logic state when the power on
reset input is activated.

7. An apparatus comprising:

a capacitor;

a threshold voltage circuit configured to provide an adjust-
able first threshold voltage at a first output of the thresh-
old voltage circuit and an adjustable second threshold
voltage at a second output of the threshold voltage cir-
cuit, wherein the second threshold voltage is less than
the first threshold voltage;
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a comparison circuit communicatively coupled to the
capacitor and the threshold voltage circuit, the compari-
son circuit including a first comparator and a second
comparator configured to:
determine when a voltage of the capacitor is greater than
the first voltage threshold, including when the first
voltage threshold is adjusted to a high supply voltage
rail; and

determine when the capacitor voltage is less than the
second voltage threshold, including when the second
voltage threshold is adjusted to a low supply voltage
rail; and

an output of the first comparator and an output of the
second comparator configured to provide a first indica-
tion when the capacitor voltage is greater than the first
voltage threshold and to provide a second indication
when the capacitor voltage is less than the second volt-
age threshold, wherein the output of the first comparator
is disabled to a first binary logic state and the output of
the second comparator is disabled to a second binary
logic state when a disable input of the comparison circuit
is activated; and

a logic circuit communicatively coupled to the output of
the first comparator and the output of the second com-
parator, wherein the logic circuit is configured to main-
tain a logic state of the output of the first comparator and
the output of the second comparator when the disable
input of the comparison circuit is activated.

8. The apparatus of claim 7, wherein the first comparator

includes:

a differential amplifier having an N-type Metal Oxide
Semiconductor (NMOS) differential transistor pair;

afirst comparator input coupled to the apparatus input; and

a second comparator input coupled to the first output of
threshold voltage circuit; and wherein the second com-
parator includes:

a differential amplifier having a P-type Metal Oxide Semi-
conductor (PMOS) differential transistor pair;

afirst comparator input coupled to the apparatus input; and

a second comparator input coupled to the second output of
threshold voltage circuit.

9. The apparatus of claim 7, wherein the logic circuit is

configured to:

provide, as the first indication, a first logic state at the
output when the capacitor voltage is greater than the first
voltage threshold; and

provide, as the second indication, a second logic state at the
output when the capacitor voltage is less than the second
voltage threshold.

10. The apparatus of claim 9, including:

a capacitor charging circuit communicatively coupled to
the logic circuit,

wherein the capacitor charging circuit is configured to
initiate charging of the capacitor when the output tran-
sitions to the second logic state and disable charging of
the capacitor when the output transitions to the first logic
state.

11. The apparatus of claim 9, wherein the logic circuit
includes a latch circuit to store the logic state of the output
when a disable input of the comparison circuit is activated.

12. The apparatus of claim 11, wherein the logic circuit
includes a power on reset input, and wherein the output of the
latch circuit is set to a specified logic state when the power on
reset input is activated.

13. A method comprising:

receiving a voltage at an input to an electronic circuit;
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generating a first circuit indication using an output of a first
comparator and an output of a second comparator when
the input voltage is greater than an adjustable first volt-
age threshold, including generating the first circuit indi-
cation when the first voltage threshold is adjusted to a
high supply voltage rail; and

generating a second circuit indication using the output of
the first comparator and the output of the second com-
parator when the input voltage is less than an adjustable
second voltage threshold, including generating the sec-
ond circuit indication when the second voltage threshold
is adjusted to a low supply voltage rail, wherein the
second threshold voltage is less than the first threshold
voltage; and

maintaining a logic state of the output of the first compara-
tor and the output of the second comparator when a
disable input of the comparison circuit is activated,
wherein the output of the first comparator is disabled to
a first binary logic state and the output of the second
comparator is disabled to a second binary logic state
when the disable input of the comparison circuit is acti-
vated.

14. The method of claim 13,

wherein generating the first circuit indication includes
changing an output of the circuit to a first logic state and
generating the second circuit indication includes chang-
ing the circuit output to a second logic state, respec-
tively.

15. The method of claim 13, including dividing a reference

voltage using a voltage divider circuit to generate the first and
second threshold voltages.

16. The method of claim 13,

wherein generating the first circuit indication includes gen-
erating the indication when a comparator having an
NMOS differential pair detects that the input voltage is
greater than the first voltage threshold, and

wherein generating the second circuit indication includes
generating the indication when a comparator having a
PMOS differential pair detects that the input voltage is
greater than the second voltage threshold.

17. The method of claim 13,

wherein receiving a voltage at the input includes receiving
a voltage from a capacitor at the input, and

wherein the method includes:
initiating charging of the capacitor when the second

indication is generated; and
disabling charging of the capacitor when the first indi-
cation is generated.

18. An apparatus comprising:

means for receiving a voltage at an input to an electronic
circuit;

wherein the first comparator and the second comparator are
configured to generate a first circuit indication when the
input voltage exceeds a first voltage threshold, wherein
the first voltage threshold is adjustable up to substan-
tially a high supply voltage rail, and generate a second
circuit indication when the input voltage is less than a
second voltage threshold, and wherein the second volt-
age threshold is adjustable down to substantially a low
supply voltage rail, and wherein the second threshold
voltage is less than the first threshold voltage; and

means for maintaining a logic state of the output of the first
comparator and the output of the second comparator
when a disable input of the comparison circuit is acti-
vated, wherein the output of the first comparator is dis-
abled to a first binary logic state and the output of the
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second comparator is disabled to a second binary logic
state when the disable input of the comparison circuit is
activated.
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